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singlz2 ceading \Da,mzllﬁ zeconds later. In the eecord experiment, wita
ambigquols words appearing in cnn%ax*g *h=t o“ov ded semantic
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" Ambiguity Resolution in Context
R

. ‘ ‘

Abstract .

.

vy

Two experiments on the proce§s}ng of noun-noun ambiguities (e.g., STRAW,

ORGAN) in spoken pr&se are reported. The-experiments utilize a variable
k ’

N . " ) * N L » 3 > A 3 N 'n
; sttﬁulys onset asyngfirony (SOA) priming paradigm in which an auditory stim-
- N o8 )
*ulus.{e.g.; "Although the farmer, bought the straw . . ."') is followed at a .

variab)é\ﬁntgrval (either 0 or 200 msec) by a target word related to one \

? N t -

reading of the ambiguous word‘(HhY, SIP). In Experiment 1, with ambiguous

B

words appearing in contexts which did not favor either reading, subjects.

&

accessed multiple readings at 1'msec” SOA but retained only a‘'single reading

200 msec later. in Experiment 2,iw§th ambiyuous words appearing in tontexts
‘N . .

which provided semantic information relevant to only one reading, listeners
; A -

accessed only a single reading at both SOAs. Ths_results suggest that selec-

~ i

v

tive access will occur for this class ‘of ambiguous word¢ when a word in the

. conte«t primes one reading of 'a subsequent ambiguous word. .

>

s . . \ . R .
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The Time Course of Lexical Ambiguity Resolution in Context

. '
Lexical ambiguity is one of the most extensively researched topics in.

- T
v *

. .o .
the study of language comprehension gfor reviewsy see Clark ¢ Clark, 1977,

Fodor, Bever, & Garrett, 1974; Foss & Hakes, 1978; Seidenberj, 1979)

Al B
Interest in lexical ambiguity derives from several sources. First, it is a
linguistic universal (Greenberg,ig963) and ubiquitous..in languages such as

English: thus, determining ‘how listeners and readers arrive ai*rbe'céntextu-
) N N ?
ally appropriate reading of a word with multiple meanings poses a problem for. ~

)

theories of language <comprehensicn. Second, if the processes involved in

. w

- anbiguity resglution arc also involved in the comprehension of norambiggou?
.prose, studies of ambiquity may rEveaJé@eneral properties of the language

processing system. Finally, lexical ambiguity presents:an interesting para-

-

dox. .ambiguous words would seem to pose a more complex processing task than

- Y
3

unambiguous words, yet they rarely are noticed or disrupt processing. i,
Previocous research bhas been interpreted as supporting seemMingly incom-

patible models of ambiguity resolution, 'in particular, models of selective

-

vs. multiple access of meaning. According to the selective access model,
——— ? ~ N

&y ~

. . listeners and readers are assumed to be guided by the context ‘to thkg single -

. © contextually appropriate meaning of a hoq?nymous word such as ORGAN or WATCH.

T . N N .
: On hearing a sentence such as (1), the .perceiver is assumed to access-only .

N . * x .
the reading of WATCH associated.with timekeeping, and no other:

(1) John droppad his watch.

-
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In centrast, the multiple access model maintains that the listener br reader
accesses all @f the ¢common readings of the ambiguous word, and then selects
. ) \ ~ > \ e » . . ’ »
R the appropriate one on the basis of information provided by the linguistic
’I 3

and extralinguistic contéxts and knowledge of the world. §hinﬁey and Hakes

Wy

- {(1976), Hehler, Segui, and Carey (1978), Oden and Spira (Note 1), and others
¢ . . N .
AN obtalned data supgbrting the selective access hypothesis; Foss and Jenkins

~

- A o ; L
(1973T Conra J974), Cairns and Kamerman (1975), Holmes, Arwas, and Garrett
. N .- . .

(1,,/). and Swinney (1979) obtained data supporting multiple access.

/“ . These apparent incénsistencies may be dhe'to sé&gfal factors. One is

. .
3 »

that researchers may have exam;neQ-severa] classes of ambtgﬂous words,which

w\

-

d
are processed dxfferentlvﬁ\ These classes dernve from the varytng structural
- 2 ) ), A
relations among the component read:ngs of ambiguous words. The meanings may

-

‘be semantically distinct (e.g., the 'body part' and “musical instrument' .

- -

- readings of ORGAN) or semant:cally related (e g., the senses . of THRON indthe

«gexprescaons to throw a basebal! and tqg throw.a boxtnq match). This dimension

underligs trad:t:onal dasttncttons betwéen %vstemaut; and\unﬁystematic ambi -

4

t‘gmtms (Rubenstein, Garfield, § Mi!!ikan, 1970) and between homonymy and
N ’ ] ' ,
- ‘ bplysemy (Lyons, 1977). The combonent read:ngs of ambtquous words also

]

; differ in relative frequency or typicaiity (Forster & Bednall, \976;
_\Hdéaboam & Perfetti, 1975). Eor gxample, tQe two pr?mary meanings of ORGAN

- R N ot ~"- . » ‘ R .
Ny are 'used approximately equally often; PEN, however, has two primary -meanings,

. N > N .y

one of which {(related Qoiwriting) is useé.more often than the Bther jneiated

“to pigs). -~ NI N (!E'iﬁ ‘

'(: + ) oo, Al » *
Ambiguous words also differ in terms of the grammatical categories into

which the éomponent readings fall. The component readings of ROSE are a noun

-
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N
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from methodolag:ca! problems gssoc1ated with the phoneme monitoring task used

Ambigquity Resolution in Context

BN

and a verb, while the readings of ARTICLE are both nouns. Although the

readings of a word may fall into other classes (e.g., FAST, which is .

a

adjective-noun), the noun-noyin and ndun-verb classes are the iargest. These

jd

syﬂtactic differences have important implications. The syntaCt:c structure ®
L4

of the ‘ontext typically'is compatnble with only one reading of a noun=-verd

ambibuity fas in {1)): assigning the alternate reading yields an ungrammat-~
ical, uninterpretaple utzprancé. In general, syntax éoes got constrain noun-,
n&un’ambiguétieg in this way; a rééding disfavored by the tontéxt fe.g., the

; : o !
”ﬁusical instrument'" reading of ORGAN in (2)) yields an implausible but not
ingrammaiica¥ or uninterpretable utterance. ‘This fact is frequently ex-

‘\.
»
-

ploited for humorous purposes {(e.a., (3)):

> .
{2) The surgeons removed Henry's damaged organ.

{3} The criminal\;gcegyed a long, hard sentence, and then he parsed
R
U

These structural variables presumably affect the representation of &mbiguous
) ) . - ;‘b’ -~ . * ®
words in memory, and hence, their access. It follows that experiments that

>

examined differemt classes of ambiguous words might show different ocutcomes.

Unfortunately, i£ is difficult to evaluate existing studies with respeé} to

this variable, since the complete stimulus materials are rarely provided.
Some of the inconsistent Findin@s in the.ambiguity‘literat;re méf'derive

»

in several studies (Cairns & Kamerman 1975, Fass, 1370; Foss & Jenkins, 1973;

-

Swinney & Hakes, 1976). Mehler et al. (1978) argued that phoneme monitoring

latencies are dependent . upon the léngth and freqﬁency of'the word preceding

-

s
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the targgt, factors which~werb not control!ed in thest studies} with'the§é

> ~

controls,‘Heh\er et al. found no dyfferences :n phoneme monctornng latencres

\ -

‘ N
following: ambsguous words compared with unambaguous controls, wh;ch they

-

lnterpretsg as evidence for selective access (see ‘also NBwman & Dell, 1978).

However , interpretation of the Mehler et al. results is xtself ambiguous,

since there«vs no independent evudence that‘phoneme monxtortng is sens:t:ve

. “
A ~

to thehproces>es involved in ambngunty resolution. Although Sw&nney{& Hakes

* . (1976) found evsdence for selective access using the phoneme- m¢n|torxn% task

pN .
Swinney (1979) failed to replicate thife resulty using the lexical decision ,

-

task. y . !

Tanenhaus,” Leiman, and Seidenberg (1979) noted another methodological
N \ ~ L N . )

problem assocT™ted with lexical ambfguity research. In most experiments, . 4
- . ”~ .

the subject's performapce is monitored at a singfe point in time. However, o

i R . . -

Jexical ambiguity resolution may involve several rapid processing stages, and

-

the availability of alternate readings may vary as a function of time.. As a

- : , N
consequence, experiments that sample at only one point in time may.result in

) * ok ) - N .
a partial or gven misleading picture of the ambiguity resolution procéss. ™ . :

The study by Tanenhaus et al. (1979) demoristrates the importance of-.

N ‘ | ‘
studying the temporal parameters of ambiguity resolution. They examined the

-

processing of noun-verb ambiguities such as ROSE and TYRE using a variable >

stimulus onset asynchrony (SOA) priming paradigm drawn from semantic memory
research (Meyer & Schvaheveldt, 1971; Neely, 1977; Warren, 1977). Subjects ;,_,
heard sentences such as {(4-5)} followéd by the presentation of a sin&le word

- r -
on a sgreen.
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. .‘(“) Harry dropped the rose. I

~:'?ﬂ

oo

. .
§ ~

(5) John began to tire. - ‘ v

Their ‘task was to read the target aloud. Targets were either related to the

»

. meaning of th® ambiguous word biased by the context (e.g., FLOWER in (4)) or

reJated to the alternate, unbiased reading (e.g.’, WHEEL in (5)). Each*térget

4. also appeared with an unambiqguous contrdl sentence, whjch matched the ambig-

~
A * * -

L ) S . . .. :
* ;. uous version except for the substitution of an unambiguous word in the final
position (e.q., “Johp~began to }augh.“)‘ Targets were always unrelated to
. y . = ) C
these control stimuli. 1In these respects, the design was similar to that

used by Conrad" (1974). The critical difference was the introduction of the

-

‘{* variable étimulus onset asynchrony manipulation. Targets appeared either 0,

T

200, or 600 mseq after the ambiguous word.

Folldwing Conrad, the logic of the experimemt was that if listepers v

-

have alcess to a particular meaning of an ambigugus word at a particular

SOA, latencies tp read a word related to that meaning shou)d show f@Cili{E:
tion (faster reaction times) compared to unrelated controls, a priming effect

N ~ . i ~ >
similar to that of Meyer and Schvaneveldt (1971) and others. If listeners

-
2 »

only accessed the'single contextually appropriate reading, facilitation
N » x N

A +

A

should ‘havé occurred only for the target .related tc that meaning. Latencies

1 4 -
.

. / ) N
-t0” the target related to the unhd ased, unactessed meaning should hive been ..
N . “ : s ~

-

longer and equivalent to those for controls. |f, however, listeners accessed

»

both meanings of an ambignffw, there should have been approximatg!y equal

~

}amounts of facilitation dé both related targets.
R R LR Y
. - 7 : - ‘ ’
y v : . . .
. - - -
N ~! - ' * ) ) ja .

iy

et

« o . .
~ . Lo » . = 6 . *
- N - > -
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The results indicated that target-naming latencies depended not only on

whether the target word was related to' the meaning of the ambiguous word

-

biased by the context, but also on the latency at which the‘target word
.o : ’ - :

N : appeared. At th% ¢ msec SOA, facilitation obtained to target words related

»
€

> N - . ) * M H ‘ . G
to both the contextually appropriate and -inappropriate readings. At-200 and

600 msec, however, faéilitat}on obtained dnly when the taryget word was re-
. ¢ - bl .

Al

. lated to the contextually appropriate déaning of the ambiguity.
oLt o . AU

The results suggested that nouh-verb a&biguities with multipte common
. ' ) : ‘

‘readings-are resol§ed in.a tyOTStége\process. \Mqltiﬁlg readings are initially
accessed,;folgowed by the selection of. one r;ading and suppression 6¢‘the
a!}ernative within 200 ;sec- Note thét'in efﬁect, the experiment brovideﬂ

) ‘ evidence for b;th multiple access {(at O &sec) and "selective' access (at‘2OC

- A - 5. .

and 600 mgec).a Examining the availability of alt?rnéte readingF at only a

L 23

- ’

single point in time wouid have yielded misleading results.

~

The Tanenhaus et al. (1979) experiment demonstrated that the variable SOA
methodology could be extended to the study of natural language processing. |t

N L 4
suggested that, for at least scme classes of ambiguities, resclution can be

- i d
B

. ‘ viewed as a multiple-stage proress, and it showed that syntactic information

alone could permit the listener to select a singlé-reading. However, some

. 3 . . " : ~ .
+ classes of ambiguities cannot be resolved in this way.” in particular, noun-.

-

noun ampbiguities présent 3 probiem because the syntactic information which

permitted selection of the appropriate-reading of the noun~verb ambiguities
L N - \
is neutral with respect to competing alternatives;\ For this reason, it

*
- 3

. seemed likely ihat~nounfnoun anbiguities would be, resdlved by other means.

N

. &
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Clearly,- this process may utilize semantic information provided by the

¢

context; that is, infermation derived from the meaning of the utterance

rather than its syntactic structure. The present “experiments were designed ) "
- ’

. ‘ : 'S
T,to determine’whether semantic information would lead the listener to restrict

-

. lexical access to a single reading on-line, or whether, as in the case of

noun-verb ambiguittes, it would merely perm:t se)ectton of a single read:ng

Fo!lbwang mult:ple access.

A second goal of the experiments was to evaluate the role of ¢lausal éﬁ
structure in ambiguity resolution. Bever, Barrett, “and Hurtig (1973) hypoth- .

2 0

esized that listeners access multrp!e meanings of amb:guous items and then

i

select one atfa major clause boundary. It.folldws that if a subject performs

a standard psycholinguistic task after encountering such an ambiguity but
.. t
proor to 3 c%ause break, thdence for multiple read:ngs should be found. |If
\J

the task is performed after completion of the clause contatnvng the amB:gu-ty, '

only one (reading should be avariabie. Experiments by Bever et al. ‘supported

-~

mode | witharespéct to.deep and surface structure ambiguities, but were

-

this

équivocal regarding lexical‘ambiguities. As the failure to find any dif- T

ference in this condition might have derived from several sources, it was
» »

thought that the ef'ects of ¢lausal structure should be tested agaan * Thus,

stamu!f appeared in both comp!ete and incomplete claq;e versions. As

-

Marslen-Wilson, Tyler, and Setdenberg (1978) and Tanenhaus and Carroll {(1978) -

- -

clausés with explicit subjects and objects, dnly comp!ete‘clauge stimuli of °
1 . -

this type were included in‘order to providz the strongest possible test of v

the clausal model.

Ll

have demonstrated that Standard clausal processing effects occur on!y for w



. .
N
¥ ..
£ .

..

\ .
e N . Aribigdity Resolution in Context
)
* . .
. ) . N . ' wh ‘ \ . 13 . "
L 9 ) Experiment 1 ' . ‘ . .
- ) b ) . N . A ]
~ This experiment investigated the processingwof noun-noun ambiguities *

in contexts where neither semantic nor syntactic information favored one of
. N d a : N
. - \ ,
4 .
the alternate readings. In a technical sense, the stimuli wefe vague and |
. C e . RN : : ' .0
thus perhaps atypical. However, they provide the basis for compariséns to

+

both the Tanenhaus et al. {1979) experiment, in which only biasing syntactic in-

H

formation was provided, Jhd to Experiment 2, in which only biasing semantic .

information was provided. In addition, the test stimuli were embedded in a ~

8

long list of unambiguous filler stimuti., Thus, subjects were neither in-

formed of the occurrence of ambiguous stimuli, nor led to expect them:

3 N -

Subjects. Forty-eight students from folumbia University undergraduate

N
)

psychology courses participated in fulfillment of a course requirement.

?

Stimulus, materia', and design. Twenty-four noun-noun ambiguities were

selected which fit the following constraints: each word possesses two pri-
mery‘réadings that are nouns; the component meanings are semantically dis-

tinct {unsystematic); both readings are common and used approximately equally

a

often. These were placed in subbdrdinate clauses, such as those in Table 1.

tach ambiguous word appeared in two :lauses which were semantically and

R WP P R D R S R R i TR B AR S DR

Insert Table 1 about here

Q »
syntactically neutral with respect to the alternate readings. Clauses were

N . N » Q‘
either grammatically complete or incomplete. In half the stimuli, the in-

comptéie‘c!ausé was formed by intluding a verb which required an additional

Y
- t N ’

11

“»
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yrammatical element. In the Table 1 example, the verb BUYS requires only a - -

d{feCt Dbject wh!le the verb PUTS requnres both a dtrect object and a Ioca- -

tive. Hence, | f John bqys the straw forms a complete clause, while f John

puts thg straw dces not. Incomplete clauses were also formed by introducing

a; embedded c}ause, e.g., Althoﬁgh Mary is qfére:thaf_gwn oo
ﬂ bnamb@guéus cgntrolzst;muli were formed by replacigq.the ambiguous wﬁrd .

wi th words re%ated to its alt;rngte reading;. The word STRAW, for example,

was rep!aced with the unambtguous words WHEAT andeODﬁ Controlﬁwords were

c!osely_matched to the amb:guous words In length, number 6F sy{!ables,:and

w

“Kulera and Francis (1967) frequency There were two ‘controls for each com-

Ll

plete and ;ncomolete ambi guous clause, y;eldzng S}x clauses in a paradigm.

RN

Each of these c!auses was paured with two - target wo rds re]ated to the alter~

nate readings. For example,,HAY and SIP were ‘he taraets for STRAW. Each

r

target ‘was semanttcally related to one unafb i guous control but not the other. )

]
* .

That s, HAY is re!ated to the unambiguous control WHEAT but nOt SODA ;ﬁe

\--?

opposite is true of SiP. Targets were also closely matched for ]ength,

? -,

3

number of sydlables, and frequency. Crossingsthe six clauses with two targets

IS

‘in an unamb{guous\wqrd, target is unre!ated to its meaning. This design,

-

vielded 12 cfause-térgét combinations in a pa?adigmw There were 24 paradigms,

yielding a total of 288 test stimuli. o ) N

L4

Tﬁe experimental design included the followiﬁg’;on%ition§3‘ (a).Réléted
N 3 - Fy

Ambwquous--clausq ends in an amb»gucus word, target is re%ated to ong of-,

»
4 b N

its meanxngs, (b) Related Unambsguous--clause ends in an unamb;guous worg,

target is related to'its meaning; (c) Unrelated Unamblguous--ciause ends

-
- . - s

\ - » > .
- . 4
. . . o .
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AY

escecially the use of two unambiguous controls, was motivated by the
following considerations. C(onsider first the two unambiquous conditions.
Latencies to read targets in the Related Unambiguous condition should be

fascer than those in the Unrelated Unambiguous condition, due to priming in

the former condition, but not in the latter. {if multiple readings of an am-

‘biguous word are available at a given S0A, the word should prime both of its

targets. Thus, the order of naming latencies should be:
Related Ambiguous = Related Unambiguous < Unrelated Unambiguous.
tf enly a single reading of each ambiguity is available at a particular

SOA {either because selective access has occurred, or because one reading

has been suppressed), the ambiguous word will prime only one target. If

each meaning is accessed apprdkiwately equally often, reactioé\time in the
Related Ambigupus condition will be composed of two parts, a fast component
reiate§ to the priming that occurs to targets rviated to the‘accgssed\
readings, and a slower coﬁponent due to targets associated with the un-
éccessed‘meanings. This suggest$ that'the orderiﬁgs of reaction times should
be: ) ‘

Related Unabmiguous < Related Ambiguous < Unrelated Unambiguous.

-1f ald subjects have only a single reading available at a givén S0A for each

-

amb i guous stimalus, reaction times in the Realted Ambiguous condition shoyld

tal! midway between those in’ the two¢gzapbiQUOus conditions, -ignoring expérii‘

-

mental error. Thus, the avaiiability of one or more readinds at a given SOA

is tracked by comparir., reaction times in the ambiguoﬁs cordition to those in

AN

-

both of the unambiguous-controls. The Related Unambigu0usfcontro} id

—-

-
a L » Y
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A

vequired because the order Related Ambiguous. < Unre!3ted Ambiguous is pre-

=

gdicted under both selective and multiple access.

* A *

-«

+

- ' - . ’ ‘ 3 3 * \ * -
The stimuli were apportioned' into 12 versions. Each version contained
N

~
~

one clause-target combination from each of the 24 paradigms. Each subject

. received only one version ‘and thus did not e.:counter more than one stimulus

~

a

"from a paradigm. This design was ‘ntended to decrease the’likelihood that

N ~

the subjects would be tued into the ambigudty variable, which miﬁht lead

them to access meanings that would otherwise_ have gone gnaniced. The stim-
ulus items in a paradigm were randomly assigned to the 12 versions with the

only, other requirement being that two items from each of the 12 clause-target
?

»

-

combinations. in Table 1 be assigned to-each version.
’ ) o Y 3

Each version consisted of 24 test sentences, eight each from the -Related

Ambiguous, Related Uhambiguous, and Unrelated Ungmbiguous conditions. Half
of the stimuli in each condition were compJéte clausés-and half incomplete

L4

clq?ses.‘ There also were 52 unambiguous f{l!er.stihu!i, both complete and

incomplete sentences, included in order to reduce the probabilit§'that sub-

-

A jects would become aware of the ambiguity manipulation. Half were followed

?

~

by unrelated targets and half by re!afeq targets. These stimuili, which were
identical in all If\versions. varied in length from 2 to 17 words in order
AL .

'~ ta prevent subjects from being able to predict occurrence of the target word.

The order of. test and filler stimuli was quasi-random; the only constraints

were that no more than two test items occurred in a-row and the first two

o\ ?

items were fillers. There were also eight unambiguous pracgice items of
- o’

varying lengths, for a total of 84 trials per subject.

Tl e,
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) The test and filler items were recorded” on one channel of a gtereo .
- - b IR L4 k . N
- ‘,(‘
. T T , . . ) !
tape. They were read in ndrmal-intonation, which differed for the complete "\

and;incomplgte versions. Approximately 1? secs elapsed between stimuli. ¢A

500 Hz timing tone which coincided with the offset of the stimulus was re-

corded on the otﬁer‘ghannél. Placement of the timing tone was accomplished . .

by running the recording tape slowly across t%e'singie head of a Sqny TC-277

3

tape recorder. -The taﬁqet words were typed Oﬁ‘Erahs!ucen& acetate material
s \ N ) .

~
~

which was mounted on 2 x 2 inch slides.

71 Al » N N o‘. b ' A » -
Procedure. Subjects were randomly assigned to one SOA-version combina-

tion. Two subjects heard~gbéh version at each SBA. Subjects were instructed

- -

. ) = . -~ * = S———
to listen to each sentence or sentence fraameknt and then read the ,target
v . j -~ h
- : - - ’ .

aloud as quickly as possible. Ihey were told that the tagget wou15‘sometimes

be related to thetconteag of the iﬁmediétely preceding utterance. Fol lowing
’ . \‘f" \ : ‘ . .
target-naming, they were' to repeat back as much as they cou!d$remember_from

‘ . . N
what was heard on the tape on that trial.r This task was included to encour-
{ N « e

X

A

age subjects to attend to the.recorded sfimu)i. ,Perfbrménce on/ the memoﬂg

. . . - - AN
task was not systematically recorded. - _—

14
.

The experimenter controlled the presentation of the stimuli from a room
> . A
4 %

adjacent te the subject's. On each trjal, a sentence or sentence firagment

*

was heard binaurally over headphones, followed by visual presentation of a -

target word. Targets were projected into the subject room through a two-way

mirror using a Kodakaarouse) projector. Targets were projected onto the

.

blank yellow wall in front of the subjecty Target words subtended a visual

T

’ angle of about 12 degrees horizoﬁta!ﬁy and ﬁ degrees vertically. Presgntation '

-

f T
g
.

A
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subject read the wrong word or failed to respond. : :

\Unre!ated Unambigquous), and completeness {(complete or incomplete 2 ausg?.

. A J
‘/ AR .
Ambiguity Resolution in Contex: .
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of the stimuli was controlled by electromechanical re4§§ circuitry. The

timing tone at the end of each sentence or sentence fragment was fed into a
dual channel Lafayette mode] 6602A voice-operated relay. Closing the relay
started a Scientific Prototype model 4005JA interval timer which ‘control led.

the SOA. This timer had 2 tested accuracy of 5 msec. After the 'appropriate

e

S0A {0 or ZOO'msec), the timer simultaneously closed an elecgromecﬁéﬁic“ﬁ

<

relay which controlled a Lafayette VSI-E shutter opened for 1 sec, exposang &

the tarqet slide. The subject stopped the clock by saytno the target kefd‘~
- « ¥

into a Sony microphone connected to the second channel of the relay, wh;ch L
A '. :;: N \‘ N

in turn,was connected to the external stop on the Hunter timer. Stoppsng the‘\ 3

Hunter timer closed an internal relay which advanced the slide tray. The .
. » - - + -
experiment lasted about 25 minutes. , ' t

Results
Out of a possible 1152 reaction time scores, 24 (2.08%) were missing : .
. N M v ; * R b

due to mechanical failure {the sybject's response faf Zfo Stop the timef °'
~ J *,

™

“o

or the shutter was triggered early). These mis ng scores were distributed

.

randomiy across cond:tcons, and werggnot replaced in the analyse: Only six
» . ——

1
. ' ~'/’;‘
' ”

subject errors occurred, less than 1% of all trials., These occurred when a; U

- Y

The data were subjected to repeated measures analyses of variance with o~
- > N N N

the factors SOA (0 or;2Q9), typé (Related Ambiguous, Related Unambiguous, - AN

N “ g

-

Subject and item analyses were performed for _reasons outlined by ClSrk~(t973).

The Subject anu3yses were performed on each subgect s means for ?he*vartous

)‘\

\“\' . ?8'« . . - -}

S
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conditions (collapsing across the items that conk}ibuted to each mea-). The

1)

item analyses were performed on the means for each item in each condition

(tollapsing across the subjects that contributed to each meah)f ~Separate
. R :

analyses were alsg performed on thé data from each SOA. .

g . .
In none of these analyses were there any main effects of clause com-

-

pleteness or any comp]eteness.in§eracfi0ﬁs‘ Hence;- only anal;ges‘wﬁiqh col-
lapsed acro§3‘th¥$ faétor will be reporte&. Overall means are presented ié
Table 2. In analyses based on data from both SOAs, the effect of SQA-was sig-
nificant, minf{1,24) = 4.43, p < .05, The type effect was also significani,

.minF(2,136) = L 45, p < .01, but the SOA by type interaction was not (F < V'

s \ . L \ n -
in both subject and item analyses).

~

In the analyses by‘indiyidual’SOAs, the type effect was significapt at

0 msec. &inﬁf(?,fh3) =‘3.35; p < .05, and at 200 msec by subjests, EfZ:ﬁ&) =

ES

™M.66. p. < .0l, but mot bv item§,_§(2,9b) = 2.18, p > .IO. At 0 msec SOA,

\ * . .
) 3 > N - * v . 3 >
-the Related Ambiquous and Related Unambiguous conditions show almost equiva-

tent levels of prifing, 49 and 45 msec, respectively. Means in these condi-

tions différ from that in the Unretated Unambjguous condition, both p < 0]

v
-8 kY

by the wamgn-Keuls progédure;:howéver, they dd not differ.from one anothen. -

+

At 200 msec SOA, facilitation in the Related Ambiguous condition averages - N

33 msec, while facilitation in tﬁé Related Uqambiguous condition is 53 mseﬁﬁi o
Again the means in the,Related conditions differ from those in the Unrelated *
. - . . MR
‘ ‘ Y A . . ' »
Unambiguous condition by the Newman-Keuls procedure (Re]ateq Unambiguous, . .
T p < .01; Related Amﬁigaous, E_<ﬂ.05): ﬁp&éver,*they also differ €rom one -
v > " L i .\ ’ . . .
another (p < .05). Thus, there was significant facilitation in both the .
o . .o ’ .
R i N . A Y . . .
! - * [ N
x. “ . .
- ' 13;'\ » ’ N
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Insert Table 2 about here’ :
e cmcmmmcmemme————- N ° L
! " : « N .
Related Ambiguous and Re!ated‘pnambiguOus conditions at both SOAs; egual

1

facilitation was seen in these conditions at 0 msec SOA, but there was sig-

nificantly greatér facilitation in the Related Unamb?gupus conditior, at 200 .

Y

msec SOA.

Discussion

The results indicated that subjects initially accessed multiple readings,
since at 0 msec SOA, priming effects in the Rejated Ambiguous and Related
Unambiguous conditions were almost identical. The increase in naming laten-

cies at the longer SOA in the Related Ambiguous condition would occur if

priming occurred on approximately half {he ambiguous trials. The latter out- *

corme would itself result if only one reading were available for each ambig--
uous word at the longer SOA, and each reading was accessed almost equally
often. Since muitipfe readings were available at the earlier SO0A, it follows

that suppressdon of all but a single reading occurred.

Since the same pattern of results obtained for both incomplete and com-

.plete clauses, the results do not provide any evidence that clausal structure

affects lexical ampiguitygresolutionl The data suggest another possibility,

namely, that am??éuity resolution is sensitive to limitations of time." -

AR N . ) ““a ' ) ’ o .
“gLf?teqers selected a single reading even though the context failed to provide

E -
N ™ . N N -

!nforméijon whdéh‘distiﬁguléhed betd@enla!ternatives. Win princ?plg, the;

AN [ihid . v b . b.. Ty
_had the optiom to wait until further information became available whichdis-

tinguishéd-gptweEh the réadings. Furthermore, the design of the fitler

iy O

7.
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stimult, many 6f which were complete séntgpces, insured that aé the mOmenti
;hen the ambigquous woré was heard, the listener had no way to know that gﬁch
information wo;;d not be FortgcomanQ If the information processing gystem
were oriented towards waiting unti) sufficient information became available
to bé able to assign a feadiné\wfgh a_higB probabi lity of\being’correct. -
then oné would have expected to see evidence for multiple readings at”the
263\msec SOA. . Instead, it appears that time lim%tations assumed overriding
importance. t\may be that carrying mu!tig!e readings !onger\than 200 msec
--in effect, carryiné them into the processiﬁg of the negt word--plTaces an- -
extraordinary burden upon l%mited capacity processing resources.

These observations are highly spggulative, of course. If they are cor--
rect, hgwever. it should bg possible to find other decoding operation; that

- are similarly time-limited. A likely candidate is the identification of

pronominal referents. 1f, as in ambiguity resolution, the context does.not

i

=) unequivocally isolate a single referent, the listener tentatively assigns a

~

*

best guess. Reprocessing would be necessary in cases where initial mis-
assignment ocgurs. The cost associated with reproteésing’éay be less than

that associated with carrying multiple readings in pa%a)leﬂ with tbe con-

v \
A

tinuing signal. Again, however, this speculation re"*on further demon-

-

kY R .
strations that such processing decisions occOr within a-limited time frame.
N .

- -

> -

LExperiment 2

&

The question posed by this experiment is whe ther semantic information
. - i
févoring one reading of a subsequent noun-noun ambiguity can permit exclusive

» <
+

access of that reading, or whether, as in the'caseﬁof syntactic context and

~
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noun~verb ambiguities, biasing-éemantic information merely facilitates a
subsequent decision stage in processing. The stimdii were clauses such as
(6-8), similar to'those used in the first experiment except fpr the addition
of biasing information in the form of a word or phrase ;trongly related\to
one ‘meaning of the ambiguous wﬁrd{ Each clau;e again éppeared with targéts
related to the alternati&é réadings (e.g., HAY and‘SlP); in all other re-
spects the experimental design and procedure followed tﬁos;wused previously.
‘(6) Although the farmer bought the straw . . .
- (7) Although the farmer bo&éht the wheat .

{8) Although the farmer bought the s;da .
A test of selective atcéss is derived from this design as fol!ows.‘ Each
ambiguous word should prime the target related to the contextuaily biased

N \

reading at 0. msec SOA. " Thus, the target HAY will be primed following (6) and

‘after (7), its related contro!, but not after (8), the unrelated control.

Similarly, SIP should be primed following (8), its related control, but not ~
after (7), its unrelated control. Selective access would be indicated if SIP
were not primed fol!;w!ng {6)-~that is, if naming latencies in this condition
were simila} to those in the unrelated control (7)--and both were slower than
those in the related control (8)‘. If multiple access occurs, latencies toi

SIP ;ollowlng (6) should be equivalent to those in the related contrdF (8),

with both faster than unrelated controls (7). ‘Note that these comparisons

‘ con;rof for the effects of the context alone on target naming.

r)’)

~
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Me thod
Subiegﬁﬁ. Forty-eight Columbia University undergraduates participated

as part of a course requirement. : «J
. : L. .

Stimulus- materials. Thirty-six noun-noun ambiguities which obeyed the

.

same condtraints as in Experiment 1 were placed in complete ahd.incomplete

subordinate clauses which favored one reading. (lause completeness was again

&

manipulated through verb structure and intonation. Unambiguous controls were

again formed by replacing the ambiguous word with unagbiguous words related k&\
to the alternate readings. Controls were closely matched to the ambiguous ' 5

* »

words in length, sy!langs, andtf}equency. Under th{s de§igp{‘one unambiguous
control word is!re!atea to the meaning of £he ambigudﬁs wgfd biased by the |
context, agd thus to the context itself. The other control word is related

to the unbiased reading, and hence unrelated tc the context. Each clausg
dgain apﬁeared with'two targets related to the a!tegnate readings of the am-
biguity; as with the control words, cne target is related t§ the context and
to the contextually biased reading of the ambiguity; the other t;rget is re-
lated to the unbiased reading and hence unrelated to the context. This

yielded 12 clause-target combinations in a paradigm. A sample is presented

in Table 3.

> SR ER ES ER ML R D D R W e W A e e e W

- Insert Table 3 about here

TR AR SGSRS TEAS LR e T--e- -

The 12 conditions can be conceptualized as follows. The stimuli are N

. 7 . .
derived from three factors: type, which refers to the relation between the

sentence-final word and the target independent of the context; target; and

2 I
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H

clause comp!etenéy( Typé has‘three levels, Relptéd Ambiguous, Related

Unambiguous, and\Unre!atéd Unambiguous. ‘}hé‘target factor has two levels,
-Related (%o the context and tga biased r§§ding) amd Unrelated (to the context
and fhe biased reading). The completeness factor coﬁsisis of Complete and
5.
v Incomplete clauses.. ALl of these factors are crossed with each other and
with SOA- (D and, 200 msec) There were 36 experlmenta! paradigms, yie!ding a‘

- \'totai of 432'stimuli... These were;agaiﬁ apportioned into 12 versions. Each
order contatned one stlmulus from each of tHe 36 paradigms and three from each
of the 12 condnt:ons. There were also 36 filler g;imulc, uQ?mboguous complete
and incomplete sentences varying in length from 2 to 15 wordgf‘ These were
always followed by unrelated\targets. The orQET_of ;{imuli was again quasi-
random, withwthe only constraints being that the first four were fil!éfs and
no more than two test stimuf} appeared in a row. There were also eight unambsg-
uous practiceiitems of varying lengths, for a total of 80 trials per subject.

The test agd filler {temsJ;é;e recorded on one chaMel of a stereo tape.
As before, they were read with normal intonatién, wh{ch differed from the
compfgtegand incomplete versions. About 10 sec e!aﬁsgd between stimuli. A -
500 Hz timing tone which coincided with the offs;t of the clause was regorde§

< oﬁtthé other channel. Tihing tones were placed using the ﬁethoa described~

previously. Qjargets wera‘typed on translucent géetate anq mpunéed on 2 x\2 ’

<
s!ides ) N

-

7 - .
o ® Procedure. All aspects of the procedure were identical to those used in

Experiment 1. Two subjects heard each version at each SOA. They parformed

the same tasks,‘naming the target and ‘repeating back the auditory stimulus.
; No

R . . .
Y R -
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*

“The exberimental apparatus was identicel to that used previously, except”
that an improperl; grounded dual channel re!éy was rép!aged with a Scientific
Prototypé‘Audio Threshoid Detection refa;‘model 76}-6 and a Grayson Stadler
mode! E7300A-1 relay, and the microphone-that registered the subject's re-

sponse was changed to a:Sony F-98. The experiment lasted about 35 minutes.
< -

Results and Discussion -

OF the 1728 poss:ble scores’, 29 were miSSlng (1.7%), 6 due«to subject.
errors, and 23 due to mechanucal fat!ures The missing scores were dis-
tributed randomly across conditions and were not replaced+in the analyses.

- \ ' x .

The means for- eack condition. are presénted in Table 4. Following the pro-
cedure used in Experiment 1, subJect and item-analyses of variance were per-
formed on data from both stamu!us onset asynchronies, and separately on the

2 -
‘7 ----------------------
Thsert Table' 4 about here

WS wr e b TR W W W S e e We v W R T W W e W W A e
¥

»

individual SOA data. The facfors were SOA (0 and 200), type (Related Am-- .

biguous, Related Unambiguous, and Unrelated Unambiguous), target (Re!atgdland‘
Unrelated), and completeness (Complete and Incomplete clauses). The type,

?

target. and completeness factors were crossed with sub;ects wh‘ch were nested

JCY ’
\wvuhin SOA. Sub;ect and item ‘means were derived as before.

In the analyses on data_from both SO0As, the ma}n effect of SOA was

highly signi?icant by items, F(1,35) = 210.62, p < .001, but not by subjects,

3

F{1,4) = 2.67, p > .10. As in Experiments1, this reflects the fact that

~

“SOA Is analyzed as a within-units variable in the item analysis, but as a “

[ 4 : .
between-units variable in the subject analysis. A N

o

:? T
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The main effect of type was significant, minf'(2,68) ~ 3.70, p < .de

<.

The target factor was marginally cignificant by sbbjects, F(1,48) = 3.60,
p < .07, but not by items Qﬁ < 1). The type by target interaction was éfg-.
nificant by Subjécts, £(2,92) = &4, 87h42 < but not by items (F < 1},

Finally, the completeness vartable was signiftcant in b§th the subject and

-

item analyses, .minF'(l ,80) = 8.99, p <.01. The other interactions did not

-
*

approach significance.

\The analyses by individual SOAs also showed this general pattern. At

SO0A O msec, the effect of type was significant by subjects, F(2,46) = 3.21, \

pote

R'< .05, and by items, ffl;?O) = 3,49, p < .05; The effectsof comp!etepess
Was also.sig;ificant. minﬁ'({;SI)’i 5.26, p < .05. The oni; other effect to
(gach'significanée at O msec was {he type by target interaction in the suﬁject‘
analysis, F(2,46) = 3.47, p.< .05.

At 200 msec SOA, the type effect was significant by subjects and margin-
ally by it;ms, F(2,46) = ;1;2".E,< .001, and F(2,70) = 2.63, .05 < p < .10,
respectively. The effect of\complet;n;ss was again significant, minf' (1,57) =

4.02, p < .05. The target- factor reached significance in the subject analysis,

N -

F(1,23) = 4. 43, P < ,05. ‘No other main effects or interactions were signifi-

-

cant in .either subject or item analyses. . K

The main effect of SOA is due ‘to longer naming latencies in every con-

!

dition at 200 msec SOA, replicating the effect observed in Experiment 1.
CT .
This factor again did not interact with any other. The type effect and type

-

X . » )
by target interaction are interpretable as follows. Both the unambiguous

conditions show the same pattern for both types of targets: *Rela;ed

T .'

-

. . . 24
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_Experiment 2 is somewhat puzzling. Thgyeis one difference between the

» . T .
R R N 3
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]

. * N o . . 0 ~ kN N
Unambiguousalatencies are faster than the Unrelated'Unambiguous latencies, n- °
due to priming. In the ambiguous-conditions, however, reaction times depegd -

¢ R . :

. o o LN .
{ On the type of target. With targets related to the ®ontextually biased

*
-

readings of the ambiguous words, both Reféted}Ambiguous and ﬁe!a;ed.Unambig-bu

uous conditions show faster.latencies than the Unrelated Unambiguous condi-

ta

" tion. With targets ralated to the alternate, unbiased reallings, only the

i

- N ‘

Related Unambiguous condition shows faster latencies than those in the‘Udf
Félated'Unambiguous condition! those in the Related Ambiguous condition are -
now longer than in the Related Amb%gu&us‘con?ition% This suggests that

-

priming occurred in the Related'Amb§guous condition only ?pr targets related

] AL
to the contextually biased readings. The intgﬁa;tion is relatively®weak at - )
least in part because only one of the f%reéocondftion; (Related Ambiguous) . j}li
is affected by target type in ihis way} . ( R
In contrast to uhe results of éxperiment ', thefe was a étrong méimf .

v

‘effect of clause type, with latencies to the complete clauses faster than <4

. . -~ <
those in matched incomplete clauses. The appearance of this effect only+a

>

stimuli in the two experiments which may account for this pattern., FIause;‘

A Y

in Expariment 1 were constructed soO as.to be neutral weth respect to alter- .

.

nate reddings. Their subjects were frequentdy names of unidentified persons. .

. ‘ LA
tn Experiment 2, subjects were chosen so. as to be biased toward one reading -

+

‘of the ambiguous word; hence, they were more specified*houn phrases such as

the farmer or the piumber. It is possible that clause effects appear only

with subjects of the latter sort., ~ ) S0
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S:nce the clause effect was highly consistent across condltaons and d:d

. N
AN * *
. .

. .
not vnferaut Q!%ﬁ any other factor means were ca)culated for the six c0n-

'd'ttons at each SOA wﬁsch result from collaps»ng across thcs var:able These

~

_are pre(snred in Frgpre 1. . in the ana!yses of varliance on data from’both
SO0As, the &ain efie of SOA was significant by otems, (1, 35) = 220. 09,

g < -001, but not b& subJects, F(1,46) = 2 79. p > 10, The type effect was?
‘significant, monF‘(Z 122) = 3.31, R < .05, Tﬂe type by target interaction
.Was s:gn:?:;ant in the SUbJECt analysqs t(z,gg) = 4/Q, p < .05, but~not in .

‘the item analysys (F X !) The'ma'n effects of target and the remaining

- ] ‘ .

interactions did not approéch s%gnificanée“in either.subject or item analyses.
u -ty

e tln the 0 msec ana!yses, there were mavn effects of type by subj ct

F(2, 56) = 3, 22 P < .05, and marganally by |tem, F(2 70) = 2 56 .05 < p < .10.

The main efﬁect of fa'get was not ssgnnfitant by subjects or items, both F < 1;

.\ﬂ.

however, there was a type by target »nte(actvon in the subject analysvs

F(Z 46) = 3.00. p <05 T . ° ‘

I _ .
In the “200 msec analyses, there was 3 strong maln effect of type in the .

subject analysis, F(2,46) = 10.40, £.< .001, and a marg?ha% effect. by items,"

\*512.70) % 2.52 .05 < E.k .10. The target effect was'mérgiﬂally éignificant .

% |

N
- RN '8
¥

by subjects, £(1,23) & 3.72, .08 <'p < .10, but not’ by iten, £ < 1. The type -

* >

by target :nteractson was not sugnificant in eather subjecf or item analyscs.

N » . B .
: \ ] N - . LY
) . - reren sesrrhocoscecrcoeecowe = -- - - N .
~ A ~ - ~

Insert Figure 1 about here = S

& N . v . F
b N ( : ,‘ Y ‘ ’ ) " ’l\
As Figure 1 indicates, when the target is relateghtg the context, there -

is almost equivalent priming in the Related .Ambiguous Sq@ Reléted?bnamb{guous\

s : N 1Y . . . \ - ‘\\.. .
conditions relative to the Unrelated Unambiguous condition atiéachc S0A. . This .

K ) - - 4 ¢ 1
. A .
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pattern suggests that the reading-of each ambiguous word r lated to the

A Y

blasing context was assigned immediately. With targets rclated to the un-

biased reading, latencies in both the Related Ambiguous and Unrelated Una-

e

ambiguous conditions are longer than those in the Related Unambiguous condi~

: ]

: o . : \ L
tion at both SOAx. At O msec,.lgtencies in the Related Ambiguous condition

*

are 9 msec lerger than those in Unrelated Unambiguous controlsy at 200 msec,

~

7
they are 11 msec faster than unrelated controls. Neither of these differences

approaches significance. Thus, there is priming in the Related Ambiguous

cendition only with targets related to the biased readings.

”~

While there is almost equa!l priming in the Relgted Ambiguous and Related
Unaﬁbig&ous conditions at both SCAs when targets are related to the contex-
tually biased me;niggs‘ there is more facilitation in the Re{ated Unambiguous
condition than in the Related Aébiguous condition at both SOAs when the tar-

¥

gets are related to the unbiased readings. This is also indicate® by sig-

niticant t-tests on facilitation scores in these two conditions derived from

subject means; at 0 msec SOA, t(23) = 2.27, p < .05; at 200 msec, t{23) =

»

$.02, p < .0

The results suggest that the biasing sementic contexts permittgd selec-

tive access of the contextually appropriate reading to occur. Ambiguous

~ we

words primed ta}gets.related to the reading biased by the context at 0 msec,
but did not priﬁeitargets related to the unbiased readings. Unlike in Ex-
perimént 1, there was evidence of a clause-boundary effect--?ongerjreaétion
times to incompiete clauses--but the pattern of resufts across conditions

was similar for both complete and incomplete clauses. As in Experiment 1,

the reaction times were longer at 200 msec SOA than at 0 msec SOA.
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In contrast to the previous expér{ments, in which multiple accegs was .
observed immediately following ambiguous words, selective access oécur}éd
ian%pérjment 2. Althougﬁ the syntactic information provided by the contexts
in the Tanenhaus et al. (1979) noun-vérb experiment was utilized in a de- -
cigion stage subsequent to initial meaningkaccess, the semantic information
provided by the contexts in this experiment was utilized immediately. Any
explanation of these results must postulate a proceéskwhich has an effect on.
the initial acce;s of meaniﬁé. ‘ «

One simple possibility is that the semantic con;ext pfimed one reading
of the noun-noun ambiguity §ef0re it was ehcountereq. While the readings
were initially at approximately equivalent régting levels of activation, s
priming radically altered the relative activa;ion levels; The readinéz
were then accessad in order of relative activation level; at 0 msec SOA,;
only the primed reading had been accessed, and it was integrated with the
context on lin;‘ Once a reading was successfully assiéned,'access tgbthe -
alternative was blocked. .

To be more concrete, consider th following example. When DOCTOR is .

recognized in sentence (9), a location is assumed to be activated in the

semantic memory network where such information is stored (Collins & Loftus,

1975). \ ‘ \ e v

{9) When the doctor began to remove Henry's damaged ‘organ,
Activation subséquen;!y spréads through the netw€rk to the nodes of related

words. This has the effect of .lowering their detection thresholds, so that ‘ =

'if one of them:is subsequently encountered (e.g., NURSE), it is recognized
- N

A
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- the listener attempts to integrate it with the context and suteeeds. Note

: & .
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faster than a semantically unrelateé wo;d. Under .this model, 'selective
access is predicated with th further assump;ions, namgly, (a) that tﬁg
semaniica!!y distinct component readings of‘ambiﬁbgds words are stored at
separate locations in the mewory network, and (b) Qhat'the readings of an
ambiguous word are checked agai;st the context iﬁian order determined by
thelr relative levels of activat{on. The first assumption ;s implicit in
the Collins and Loftus model, in which two interconndcted memory networks  *

.. ' '

are proposed, one representing semantic information, and the other repre-
senting orthegraphic and phonological anormat?;n {see also Warren, Warren, \
Green, & Bresnick, 1978). Thus, the two readings of ORGAN wguld have separate
{ocaiions in the seméntic network, but a single location in the lexical net-
wérk, When DOCTOé is recognized, activation spreads to one node of ORﬁAN, but

»
not to the other. The second assumption follows from Hogaboam and Perfetti

(1975) and Krauss and Strickler (reported in Krauss, 1979), and from research

relating word recognition time to frequency (e.g., Berry, 1§?!)_ When ORGAN

49

is subsequently encountered in the sentence, the primed réadimg is accessed,

. X N 5 Y.
that this process would be impossible in the case of noun<verb ambiguities

in syntactic contexts, where the context woulg, in effect, have .to prime not

a class of semantically related words, but rather, all of the words in a par-

- ¥

ticular grammatical class. {e.q.~ all the nouns)./ Aside fro@'the fact that
. ! - - . .

- i

4

; r of the momeory networks ih the Collins and Loftus (1975) model is .

>

organ}zed in terms of syntactic function, this notion Is unacceptable because

it implies activation of a potentially infinite class of items. o
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In arguing for the priming exﬁlanatibn, it shouldlalso be noted that

-~

most of the stimuli in Experiment 2 were adapted from the neutral stimuli

in Experiment 1. In converting the stimuli, noun phrases which werg‘hfgh]y

‘semantically or associatively related to one reading of each ambiguous word

were introduced. As such. they were highly likely‘zo produce p}ihing. * The

’

prtm;ng anberpretatzon is a!so 5upported by. the similarity of these results

to those of Schvaneveldt, Meyer, and Becker (1976} who used only Stngle-word"

stimuli. Their stimuli are much ltke those Jhat would result if the st:mu!;
from the present‘experiment were converted into triptes Which confained a

context word, an amb'guous or control word, and a target (e.g., FARMER-STRAW-
N\

K

1t

SODA from these stimuli would be similar to their RIVER- BANK*MONEY conditton).

Schveneveldt et al. also did noteobserve facilitation (in the lexical de-
- ' e ~ .
cision task) .in this condition. Thus,.an outcome similar to the one observed

S
<X

in Experiment 2 occurred in contexts-where only lexical information was

-

provided. | N . -
While p;iming is a likely ekp{adétion for the preéen£ results, cases
such as {10-11) appear to require anothe; mechanism. 4
(10) Henry bought‘some straw.
(11) The man walked tne deck.

~

in (10} the correct repding of STRAW is’ indicated not because a word in the
‘context is highly semantic%jl; or as§6ciatively realted‘xo one reading, but =
because of on;‘§:knowledge Ebét on one reading, STRAW is a mas§ noun, while
on the other, it is a‘c;unt noun. If the sentence is grammatical, the mass

noun reading must be assigned. In (11) the correct reading of DECK is

R

af)
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A ~

dictated by pragmatic constraints, specifically, one's knowiddge that the
surface of a bpat is more suitable for walking than’a pack of playiné cards.

N £ .
In these cases, noun=-noun ambiguities‘appear to be resolved without priming. >

Tanenhaus, Seidenberg, Leiman, and Bienkowski (Note 2) have recently 3

n investigateéd such contexts using the priming methodotogy and observed

)

multiple access followed by selection of the contextually apprépriate reading.

N

Again, the difference between this pattern of Eesults and that in Experiment 2

T

. ! ~ ’ ' S
ts explained by the. existence of priming only in the latter case.
N T - M

These results suggest that contexts can affect rwo\distinct.stages'of‘é‘

the resolution process. Priming contexts affect whetl :r one or more readings

i ! L Y] i
- .. i Y
are initially accegsed. Syntactic-and conceptual contexts (where,thedlatter

\ - » . ) .
-includes listener-generated pragmatic information and nonpriming semantic
- ’ -

i

information) affect a subsequent integration stage.
The results of this experiment provide relatively decisive evidence
. ) » " » \ » -
- that some contexts permit sebective access to occur, using an experimental

procedure that Is nbt‘subjeét to the problems associated with tasks such as
r’ 1 - N
phoneme monitoring. Three aspects of the data deserve further comment. The

first is that the relatively weak item effects call into question whether

the results will generalize beyond phe specific sample of items tested. As

*

noted above, the weakness. of the item analyses is in part a function of the

A 2

experimental design, whjch was utilized i» order to .insure that subjects

would not become aware of the ambiguity vafiable. That the results witl
\

- generalize beyond this sample is suggested by the fact that they have recently

been replicated using 8 different sample of ambiguous words and sentences

(Tanenhaus et al., Note“2).

. -
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The second’problematical aspect of the data is the systematic increase

-

. . . - »
in naming latencies at the longer SOA. This stands in contrast to studies of
. . i -
o N i .
word recognitiop in which.naming and le&itél decision latencies are inversely

+
A

B ' Py Y .
related to SOA (e.g., Neely,_1977;\Posner & Snyder, 1975). The simplest
* : . Fy
interpretation is that tmeﬁglincteasgf are due to some nonobvious aspect of
. 4 RO \ .

the experim&ﬁ:al.prbcéduré dr,apparatbsp The ldnéer reactiéﬁ times may de-

+

rive from less trivial sourCes,\hbweYéf; The: experiments which show a de-
. . Iy dow I
- » FO

crease in reaction time Lith increasing SOA are ones in which,_ > the
priming and target stimuli were indjvidyal lexical items, while in the

present experiments, the priming stimulus was a sentence fragment. The in-

crease at the longer SOA could be due to continued processing associated

wi'th the priming clausé,iéig., identification of major constituents, organ-

N * . . 3 [ ) q\ - » » ' * .‘
ization of tnﬁprmatton into propositiongl. units, generation of irnferences,
« . e . 1

and ather processes. This issue can only be.resolved through direct compar-

} 4
isons.of sentential and lexical primes.

Finally, the emergence of a clause effect only in Experiment 2 calls

into abestjon whether a fair evaluation of this variable has been~prsv%ded.
PO . . - 1 8 Y

L T . . . R
The experiments provide no positive evidence that lexical ambiguity resolu-

*

tionis sensitive to clausal stfucture, however. \
Ea
] . ) v . . ] -
. Genetral Discussion - . .

The experiments s%gge§t that the contradictions in the existing lexical
ambiguity literature may be more illusory than they at first appeary since
both seledtive and multiple access have been obsérved using a single method-

ology and tightly controlled materials. In the Tanenhaus et'alf (1979)

~ i%‘}‘ Y

| DO

-t

-
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/ . .
experiment, multiple access was observed, followed by the selection of the

contextual Iy appropriate reading within 200 msec and suppression of the

A v

alternatives. Although syntax favored only one reading of each ambiguous

:ﬁi .word, this-information did not permit initial access of a single reading.
N ) + ) i3

. - . in Ekpgriment 1, multiple access was seen for a different class of ambiguous
Qgrds in truly;?eutra! contexts, foilowéd by selection of a single reading
within 200 msec. This occurred déspite tpe‘fac} tha: the contex£ did not °
decisively f;vor either reading. tn Experiment 2, selective access was ob-
served, with only the contextually appropriate reading available at both
SOAs. 1t is clear that either seiectiveior multiple access miay occur de-

pending on both the structure of the ambiguous lexical item and“}hﬁ structure

-

of the context.

5

THe results are compatible with a model along the following lines.
Lexical ambiguities are processed largely in‘the same manner as unambiguous
words. Lexical information is represe;ted in lexical and semantic nétworks
of the sort proposed by Collins and Loftus (1975), which contain phonological,
ogthbgraphic. and semantic information. Words are also coded in terms of
their syntactic functions, and p6§sib3y in other ways as well (e.g., in terms

of the case relations they may enter into). The semantically-distinct
AN

readings of an ambiguous word are represented at separate,locations in the

semantic network which are interconnected to a single node in the lexical
network. Theﬂ{gsting levels of activation at hodes in the semantic network
reflect differences in frequency and recency of use. A word is recognized

RN -
- . "
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when both its lexical and semantic c&des are actiyaté&. ‘Th§s process’begfns .
with a largely gottom-up ana!ygistof the input code. Listeners may also use
information in the context to facilitﬁte analysis of the input code for 5

word (ﬁarslgn-wilson & Welsh, 1978). .
‘ When the listener succeeds in identifying the sensory code for a.word,
activation spreads to the interconnected node(s) in the semantic network.

in the case of an unambiguous word, activation spreads to a single node, and

the word is fecognized when the level of activation at that node exceeds some

-

threshold value. The latency to recognize a wérd will depend on the differ-
'ence‘between this threshold value and the resting level of‘activation. in
ggnéra), high-frequency, recently used words will be recognized faster (bﬁt
see Cairns & Foss, 1971). |
In the case of an ambiguous word, activation spreads .from a location in
the lexical network to multiple nodes in the sémantic network. Which meaning
or méaningsa?re recognized depend;ﬂon fhe number of readings which pass

threshold, and the order in whtcthhe ldo so. Thése\events in turn depend on_
9 A . .= . ?

the relative resting 1eve!s of at trvation‘tq kxhe hature of the context.
A
Various outcomes fall out of these as&uﬁptsohs* C
S s T 7 ; 2 ¥

1. Selective access is the case in wh}ch the Contextually approprvate

\.}‘i

reading passes threshold fdrst becauseuthe rest‘ng~!evel of‘activatvon associ-
> * \ \;.‘? a-i.'{,,-" a ' > >
ated with that reading is decisively h:gher than % assoc;ated witlr any
=2 S O : \..'\ :
N oaoe
alternate read:ngs. Thss difference. in actavgtPOnylevel can occu - for two

o
reasons. Fzrst . the component readlngf may diféér in ﬁfequency of use, There

} )
N
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may also be recency effects, with higher levelixof;gctivation associated

with rgcently used word senses (Scarborough, Cortese, & Scarborough, !977{.
Second, the resting level of activation associated w{th a word sen§e\may be
altered by priming. When a context woré is recognized, activation spreads
along the semantic memory network to the nodes of semantically related words.
If one of these nodes includes the node for one of the\readings of an ambig-
uous word that is subsequently encountered, activation will 5E6umulate at
that node, lowering its detection threshold. .}n effect, this-will skew the
relative levels of activation at the nodes of the alternate\readings. A
highly primed or frequent readfhg is accessed first, and the listener at-
tempts to integrate it with the context. Th{Q will succeed'if the'most active
reéding is alsc the contextually ap#ropraite one.

2. Garden-pathing on the lexical level is the case in which the most
active reading is not contextually appropriate. This will occur when a word
is used in an infrequent sense, or when the context primes the‘gnzorrect

reading and it reaches a much higker level of activation than the contextu-

ally appropriate reading, as perhaps occurs in sentences such és, The doctors

played Henry's organ. In such cases, reprocessing is necessary; the li;tener
discards the inappropriate reading and actively searches for an alternate.
This process will terminate when either fa) a contextually appropriate
reading is found, or (b) all of the frequent readings stored in memory ;}e
exhausted. In the latter case, the listener may attempt to search for ;ery

low frequency readings, or seek more information from the speaker.
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3. Multiple access is the case in which two readings pass threshold

before initiation of the integration process. The activation of word senses

1
kN
*

is assumed to be an automatic .capacity-free process (Neely, 1977): so that “

\

at

2
A

the activation of multiple meanings does not deplete limited capgcity pro-

g- .

cessing resources any more than access of'a s’ng!e reading. Thus, measures
W

which are sensitive to processing load (e.g., phoneme mon;tortng) wi Tl not
N |
. show any differences as a function of whether selective or multiple access

bhas occurred. Multiple access will occur when either (a) thg\readwngs are
: \ s vV

~ . N \ x‘\
at approximately equal levels of activation and the context does not prime

o

one read;ng or (b) the context primes a iess frequent reading, brlpglng its

level of activation up to that of the alternase readvnq(s) -When multiple

access OCCUrs, two OF more readings are passed to the contextual integration

.
A -
A

* . ° N w LS j
stage. The listener checks the semantic .and syntactic inforhation assoCiated

v >

with the component readings against the demands of the context., This is the |

>
7

same process as fhat which occurs in she integration of hnambiguous words,
except shat multiple alternatives must be evaluated.  The details of th%s
process are largely unknown. 1t is not known, for example, ﬁhether the
readings are evaluated serially or in parallel, whether the.process is ex-

haustive {all available yeadings checked against the context) or terminal
» * . N N a EY

v

(readings only checked until the éppropriate one is found), or how differeht‘

** types of contextual constraints are weighted. When a contextually appropriate

readin§ ?S'fina!ly selected, the alternative is suppresséd. When the context

-. does not decisiveiy favor one reading{igfstgﬁers noq;tﬁe!ess select one and
N * . . -

\‘suppress the'alternative within about 200 msec. It appears that whilg the,
. ‘ . A M Y

U

L

-

b

-
¥
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initial access~bf multiple readings does not come at great cost to the pro~
/ ' cessing system, retaining multiple readings does.

4. Once a meaning is assigned, activation of alternative readings is T

N

“\ “ suppressed. This octurred following muliiple access in thé'Tanenhaus et al.’
g ‘ ' )

® (1919) experiment and in Experiment 1; it occurred with selective access in ’

”\‘:’ = - . > A
\ " . .Experiment 2. . :

Y

47
" To summarize the implications of the present experiments:
) )g"\ ‘v . - . ;“ ‘" * ’ ‘
+ W Pirst, ambiguous words are coded in memory in terms of a number of

«

‘cﬁﬁracteristics which‘a}e exploited in the comprehension,brpcess. In partic-

u?%r,;xhe syntactic properties of ambiguous words are éxit}cal. Thisisyntac-

. “ tic-ﬂl%ormat{on is not represented in any c;rrent model of the menta{ lexicon,
however . ‘Tﬁe relative frequencies of the component readings are the other

important structural factor. Holmes (1980) has recently suggested that
: B! o
feanings are evaluated in order of relative frequency, and further that\9nﬂy . -
N < e
o “ -

e . one veading js}evaiaated\at a time. Thls implies that the processing-system
N . w j \ R . :

~

w 1S senditive to extremely small differénces in frequency. More research_is
: f, R - » - . . [} N
\ . necessary 3n‘crder‘tq determine which differences in frequency affect access {
&2 - . & L v

. of mearting. ' - N . : :

Second, contexts operute in the ambiguity -resolution process in two ways.
. . } ' . °

) 'Nonprimingvcontexts provide conceptual and synté&tic information,whﬂrh drives

-~ N
PO

. (%) ) i .
the processes involved in the integration &f both embiguous anﬂ\unaﬁmiguous

N

'; words. In cases where the contextually a#proﬁriate redding is accessed first,

1

.the integration process proceeds exacgﬁy as in the case of unambijuous words.
. r

2.
+

In cdses where the contextually appropriate reading is accessed First, the

»

-
Y a

Y . - ‘
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integration process proceeds exactly as\ln the case of untﬁbiguous words.,
' The only addzttonal operatron is the blocknng of access to alte:nate readings
. ", once integration has sutceeded Wwhen muitiple .readings have been acttvated
*hese contexts permit the selection of a single reading; however, these con-

texts do not affect the readout of meanings from the mental lexicon. Th"£%;~ £f>“‘\\~\

K
)
4

wher two readings ate at approximately equal Tevels of activation, multipl
) Rl 21
. o {
access 'will occur even if syntactic or conceptual information in the coptext

favors only one reading. This is to say that the word recognition process -

yields a readigg or readings to be evaluated against the constraints imposed

Ve

by these types of contextual information. The only way for‘the~context4to o

affect the order in which readtngs are accessed is if there are d:rect con-

—

nections in memory between words if the context and a component reading of

-

the amb?guous word’_ This is the second way in which contexts’ can affect
e

;mbiguity resolutien--that is, by priming, which was observed in Ekperiment 2.

¢ -

L
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Footnotes N

The experiments reported in this paper formed part of the-first’authO(‘s

Columbia University doctoral dissertation. He is grateful to his advisor

T. G. Bever for his intellectual support, to Barbara Dosher for advice

1

throughout the development and execution of this resear;h. and to the other
members of his committee, Merrill Garrett, R&cha}d Wojcik, and Haroid
S;ckejm.‘ ) | . - F

Final preparation of this manuscript was\supported in part by the'
Nat{gnal Institute of Education under Contract No. US~N!E-C-QOO-?6-O¥]6 to
the Centbr‘for the Study of Reading.

Only minF' statistics will be reported when they are significant;

otherwise F statistics from both subject and item analyses will be reported.

-
>

With the exception of the effects due to the between-subjects factor SOA,
all of the reported effects are weaker in the item analyses than in the sub-
ject analyses. This is largely due to two factors, greater variability

between subjects than between items, and the requirement that subjscts see

13

only one stimulus from a paradigm.

*

ZThis énterprise has been impeded by the lack of reliable data concerning
\ . ‘ \
the relative frequencies of occurrence for component readings. It will be
. . 4
facilitated greatly by the imminent appearance of M. F. Garrett's KuZera and

Francis-type count for the readings of 300 émbiguous words. .
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Table 1

Conditiong and Sample Stimdli,‘ﬁxperiment 1

*

t

4

+ - “

Condition \ Clause Target )

Related Ambiguous “ If Joe buys (puts) the straw HAY
"~ If Joe buys (puts) the straw -SIP

Related Unambiguous If Joe buys (puts) the wheat 'HAY
a , 1f-Joe buys (puts) the soda Sip
N . - -
Unreldted Unambiguous If Joe buys {(puts) the soda HAY .
\ . If Joe buys (puts) the wheat s1p .
: .
, \ o
Note: Clauses appeared in.complete and incompiete versions.
Verbs sfor the incomplete version are in parentheses.
) . ry [}
1 .
. N
[ 4
- . ; ]
~N - . ’
s .
’ J
* N b 4 '5 N N
3 R "
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Table 2

A

Mean N?ﬁing Latencies and Facilitation Scores, Experiment\I

0 msec SOA

200 msec SOA
Condition - :
Naming Latency Facilitation Naming Latency Facilitation

Re lated ‘ ‘ . :
Ambiguous " 655 (24) 49 778 (19) 33
Unrelated @ ’ ’ )
Ambiguous 659 (22) 45 752 (22) . 59

h ] N
Unreia;ed .
Unamb i guous - 704 (23) -- 811 (21) -~
Note: Entries are in msec. Numbers in parentheses are standard errors.
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Table 3

Conditions and Sample Stimuli, Experiment 2

Targets Related to Context and Biased Reading

3

Condition Stimulus Target
Related Ambiguous Although the farmer bought (put) the straw  HAY
Related Unambiguous Although the farmer bought (put) the wheat  HAY

»

Unrelated Unambiguous Although the farmer bought (put) the soda HAY

L 3

Targets Unrelated to Context or Biased Reading

3

Related Ambiguous Although the farmer bought (put) the straw SIP

Related Unambiguous . Although the farmer bought {(put) the soda SIP-

Unrelated Unambiguous Althoug” the farmer bought (put) the wheat S!P

Note: Clauses appeared in complete and incomplete versions. Verbs for

2

the incomplete versions are in parentheses. Targets unrelated to
biased reading were also related to unbiased readilg.

~

. 4

&
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Table 4

Mean Néming Latencies, Experiment 2

Targets Related to Bjased Reading

Condition - Complete”™ incomplete Sample Siihuli

-

0 msec SOA

: Related Ambiguous 554 (21) 586 (23) farmcr-straw-haya
: Related Unambiguous - 569 (19) . 578‘7737"' farmer-wheat-hay

‘Unredated Unambiguous 593 (207 611 (27) farmer-soda-hay

200 msec $OA

Related Ambiguous 601 (22) 625 (26) farmer=straw-hay

~ Related Unambiguous 601 (18) ~6353(22) o farmer-wheat-hay
" Unrelated Unamb i guous 625 (21) 658 (22) farmer-soda-hay

=

Targets Unrelated to Biased Reading

* < 0 msec $OA S : . -

\ Related Ambiguous" 582 (22) 608 (22}{’;/—*farmer‘straw-sip
~ Related Unambiguous 568 (23) 580 (22} farmer-soda-sip
Unrelated Unambiguous 578 (20) 594 (19) farmer-wheat-sip
" 200 msec SOA I
Related Ambiguous 635 (22) 638 (18) farmer-straw-sip"
y . Related Unambiguous 604 (19) 622 (21) farmer-soda-sip

Unrelated Unambiguous 646 (22) 649 (22) farmer-wheat-sip:.

Y
<

Note: Entries are in msec. - Numbers in parentheses are standard
. errors.

®The first word in éoch‘tripie provides blasing contextual -
information; the second is the ambiguous or control word;
the third is the target. —

8 . "'8 - y
‘ v . -

e
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Ny, . Figure Caption

Figure 1. Mean naming latencies that result from collapsing across

completeness variable. UU = Unrelated Unambiguous, RA = Related Ambiguous,
L/

-

L 4

RU = Related Unambiguous, Targets related to the context were also related

to the contextually-biased reSding of the ambiguous wordi; targe;s\unrelated

to the context were related to the non-biased reading.

L

i
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